Common juniper (Juniperus communis L.) is an important conifer from the ecological and economical point of view. In some areas of the distribution range, it is a widely studied species. Up till now insufficient attention has been paid to junipers growing in the Baltic countries where it is one of three natural conifers and important forest tree species. Recently, molecular markers-based diversity of Lithuanian populations of J. communis was determined, although related biological and ecological variables remain undisclosed. The present study is aimed at the evaluation of biotic and abiotic environment of J. communis according to plant species composition. Fourteen sites with J. communis were selected in the territory of Lithuania. At each site undergrowth trees and shrubs, herbaceous species, dwarf shrubs, and mosses were recorded and the abundance of each species was evaluated. Abiotic environment characteristics were obtained using Ellenberg's indicator values (EIV) of the plant species neighbouring junipers. In the sites with J. communis, 80 species of herbs and dwarf shrubs belonging to 18 families were registered. The largest variety of herbaceous species and dwarf shrubs (18-22 per site) was registered for sites representing xero-thermophile fringes. Species coverage data recorded in the sites in most cases allowed to group sites according to their habitats. Despite rather small territory of the present survey (latitude (N) 56°07'-54°11' , longitude (E) 21°06'-26°30'), the ranges of indexes for environment factors of juniper sites were rather wide: 6.0-7.3 for light, 3.0-5.8 for temperature, 3.7-5.3 for continentality, 4.2-7.8 for soil moisture, 2.7-7.4 for soil reaction, and 2.7-4.4 for soil nitrogen. Among the sites selected by us, the most contrasting in terms of EIV were locations representing coastal brown dunes covered with natural Scots pine forests and xero-thermophile fringes. 
INTRODUCTION
Juniperus species are substantial elements of present-day forests (Garcia et (Lawrence, 1984) , flavoring of food and alcoholic beverages (Maarse, 1991; Vichi et al., 2007) . These circumstances point out the need of comprehensive knowledge about Juniperus species.
Juniperus communis is widely distributed over the Northern hemisphere, growing in Europe and three other continents. Junipers have been examined by molecular and biochemical markers in various regions of their natural occurrence (Canary Islands, Greece, Germany, UK, Russia, Japan, China, Kazakhstan, Nepal, Ethiopia, Guatemala, Cuba, Mexico, Utah, Texas, etc. (Adams et al., 2003; Adams, 2011) . Examination of variables of environment extends information complementary to biological data. Broad geography of this species is inevitably related to various conditions of abiotic and biotic environment. Wide range of temperature, light and continentality conditions are characteristic of this plant (Clifton et al., 1997) . It may grow in a wide range of soils of varying acidity, moisture and nutrients (Barkman, 1985 (Rosen, 1982; Barkman, 1985; Van Der Merwe et al., 2000) . Species composition in J. communis associations is described fragmentally and concerns only a small part of its distribution range (Barkman, 1985; Thomas et al., 2007) . In order to obtain broader knowledge about this species, different areas of its distribution range should be investigated.
Up until now, insufficient attention has been paid to junipers growing in the Baltic countries where it is one out of three naturally growing conifers as important species of forest trees. Near the Baltic Sea, J. communis is represented by two vegetation forms (tree or shrub) and belongs to one (ssp. communis (Syme)) out of four subspecies (ssp. nana (Hook), ssp. hemisphaerica (J. & C. Presl) Nyman, ssp. depressa (Pursh) Franko; Thomas et al., 2007) . Scarce data about junipers is opposite to extensive information collected for Pinus sylvestris and Picea abies of this region (Ozolinčius, 1999 Danusevičius et al., 2015) . In Lithuania, the biggest attention has been paid to essential oils of the needles and seeds of J. communis (Butkienė et al., 2006; Labokas, Ložienė, 2013) , some aspects of morphology and anatomy were taken into account (Vaitkevičiūtė et al., 2011a; 2011b) , and the role of junipers in surface fires in pine forests has been analyzed (Marozas et al., 2007; 2013) . Recently, ISSR markers-based molecular diversity of Lithuanian populations of J. communis was determined (Vilcinskas et al., 2016) , although related biological and ecological variables remain undisclosed. The present study is aimed at the evaluation of biotic and abiotic environment of the Lithuanian J. communis in relation to the abundance of neighbouring herbaceous plant species.
MATERIALS AND METHODS
Selection of sites was based on former dendrological and biochemical surveys of Lithuanian junipers (Vaitkevičiūtė et al., 2011a; 2011b; Labokas, Ložienė, 2013 Fig. 1 ).
Records of associated species in the sites with J. communis were done within the last decade of June, 2012. For species documentation, 100 m 2 plots were used at each site. The composition of species of undergrowth trees and shrubs, herbaceous plants, dwarf shrubs, and mosses 1 -Neringa (N55°30'; E21°06'); 2 -Skuodas (N56°07'; E 21°35'); 3 -Kelmė (N 55°46'; E 22°58'4); 4 -Kelmė (N55°46'; E 22°58'4); 5 -Panevėžys (N55°51'; E24°40'); 6 -Rokiškis (N56°05'; E25°17'); 7 -Ignalina (N55°23'; E26°03'); 8 -Ignalina (N55°23'; E26°03'); 9 -Kaunas (N54°48'; E24°10'); 10 -Jurbarkas (N55°08'; E23°27'); 11 -Kalvarija (N54°15'; E23°17'); 12 -Alytus (N54°09'; E24°12'); 13 -Trakai (N54°30'; E24°42'); 14 -Šalčininkai (N54°11'; E25°42'). E -xero-thermophile fringes; D -transition mires and quaking bogs; G -subcontinental moss Scots pine forests; F -Juniperus communis shrubs; B -coastal brown dunes covered with natural Scots pine forests were recorded and abundance of each species was evaluated by percentage cover as described earlier (Marozas, 2004; . The values of the environment (light, temperature, continentality, soil moisture, reaction and nitrogen) at the sites were estimated using species indicator values (Ellenberg et al., 1991) in proportion to the species percentage cover, applying weighted average method (Jongman et al., 1995) and summarizing separate factor data by STATISTI-CA v. 7.0 (StatSoft Inc., USA, 2004). Species and sites were evaluated by two-way cluster analyses using PC-ORD 6.0 software (McCune et al., 2011).
RESULTS AND DISCUSSION
There were differences in plant species number, composition and coverage among the Lithuanian sites with J. communis. Coverage of J. communis was not equal across the sites: this parameter ranged in the interval from 3% (7 G) to 60% (2 F), mean being 18.5%. Coverage by juniper depended on the habitat type, the smallest being for D (transition mires and quaking bogs) habitat (5% as a mean) and the highest for E (xero-thermophile fringes) habitat (36% as a mean). In half of the sites (the B site and all G sites) 1st stand layer with Pinus sylvestris was characteristic. Scots pine was the prevailing tree in B and in subcontinental moss Scots pine forest (G habitat) sites, where coverage by pine was 70% (5 G site was an exception, with pine coverage of 40%). For two sites (1 B, 7 G) Betula pendula with 10-15% coverage was documented.
In the 2nd stand layer Picea abies was found in two sites of subcontinental moss Scots pine forests (G type habitat). Trees and shrubs of the 2nd stand layer were registered for all sites, the number of species per site ranged in the interval 3-7. Among 17 species representing this layer, Frangula alnus, Quercus robur, and Sorbus aucuparia were the most common ones for most of the sites, except the E habitat type. Coverage higher than 1% was characteristic of the following trees: Betula pendula (15% -1 B; 10% -7 G), Picea abies (5% -4 G, 7 G), Malus sylvestris (2% -13 E), Salix cinerea (5% -8 D; 30% -3 D).
In the sites with J. communis, 80 species of herbs and dwarf shrubs representing 18 families were registered. The species number for a separate family was as follows: Asteraceae -12, Poaceae -9, Fabaceae -8, Rosaceae (Rosen, 1982) .
Coverage higher than 1% was characteristic for such herbs and dwarf shrubs as (5% -1 B, 6 G, 12 G; 10% -4 G; 40% -2 F). Our study is in agreement with the data about other juniper areas where the Ericaceae family species were documented as important undergrowth components of conifer forests with J. communis (Moir, Ludwig, 1979; DeVelice et al., 1986) .
Coverage by mosses was characteristic of juniper sites of B, F, and G habitats, the most spread species were Dicranum polysetum (5% -2 F, 4 G, 6 G, 7 G), Hylocomium splendens (5% -2 F, 4 G; 10% -14 G; 20% -6 G, 7 G, 12 G), Pleurozium schreberi (10% -5 G; 30% -4 G, 7 G, 12 G; 40% -14 G; 50% -2 F, 6 G; 60% -1 B), Ptilium crista-castrensis (10% -4 G), for D habitat type sites Sphagnum sp. was documented (10% -8 D; 50% -3 D). J. communis demonstrates a wide variety of undergrowth types; species registered in our study coincided in general with the list of main species characteristic of related Lithuanian habitats (Rašomavičius, 2012) .
In our study, the biggest variety of herbaceous species and dwarf shrubs was registered for xero-thermophile fringes (E type habitats; 18-22 per site), the second was transition mires and quaking bogs (D habitat; 13-15 per site), sites belonging to the other habitats (B, F or G) were less rich in species (6-12 per site). Our results about the number of species in xero-thermophile fringes (E type habitat) were in agreement with 20-25 differential species registered in East Germany, South Sweden, or Central Netherlands (Barkman, 1985) .
Employing two-way cluster analysis for the species coverage data in the sites, all species neighbouring junipers were classified into two main clusters (Fig. 2) . One, the most distinct cluster comprised 40 species (their list is provided in Fig. 2 title explanations) , the second cluster consisted of two subdivisions: 2a contained 34 species, and 2b contained 28 species. In respect to species composition, all juniper sites were also subdivided into two branches: one of them (I) comprised sites of transition mires and quaking bogs (D habitat) as the most distinct habitat, which corresponded to the first cluster of the species. The second site cluster (II) consisted of two subclusters: one of them (II-1) contained the sites belonging to xero-thermophile fringes (E habitat) and one site of subcontinental moss Scots pine forests (5 G), the other subcluster (II-2) formed a branched structure. The branches have subdivided sites according to their habitats into two groups (II2a and II-2b), the most distinct one was site representing Juniperus communis shrubs (F habitat; II-2a). In the II-2b cluster the branches of the next order separated site of B habitat from 5 sites of subcontinental moss Scots pine forests (G habitat). Hereby, the coverage data of herbs and dwarf shrubs recorded for the sites allowed, in most cases, to group the sites according to their habitats, the only exception being one site of subcontinental moss Scots pine forests (5 G).
Composition of plant species is considered a good indicator of habitat edaphic and aerial properties, which are frequently quantified using species indicator values (Ellenberg et al., 1991) . For our study sites, light index range was an in the interval 6.0-7.3, and, according to this value, it was an obvious separation of sites into two groups -transition mires and quaking bogs (D habitat), xero-thermophile fringes (E habitat), and remainders (Fig. 3) . Light index for all sites was higher than the middle value (5) and reflected a higher demand of J. communis for irradiation, despite some sites being forested areas. It shows that the forest sites of J. communis selected by us were in forest gaps. It is in agreement with what is known from other surveys (Thomas et al., 2007) . The temperature index varied in a broader interval, 3.0-5.8, compared to the light parameter. In respect to temperature, the warmest sites belonged to the opened area habitat xero-thermophile fringes (E), the differences of the habitat of other type were not expressed. The continentality index varied in the interval of 3.7-5.3 and neither showed relation to the geography, nor to the habitat type of the sites. For our study sites, the soil moisture index ranged between 4.2 and 7.8, separating sites of transition mires and quaking bogs (D habitat) from remainders. Moist summers are needed to enable juniper seedlings to develop, and an extreme drought during one summer may cause dieback of junipers (Rosen, Van Der Maarel, 2000) . The ranges of soil reaction index for Lithuanian junipers were also very wide, fitting into the interval of 2.7 and 7.4. The most distinct were sites belonging to calcareous habitat xero-thermophile fringes (E habitat). According to this parameter, sites were subdivided into two groups (5 G site was an exception). In another study of juniper-related sites (the set of sites was not the same as in our study) of Lithuania, chemical analyses of the soil pH revealed a different interval -4.1-7.7 (Vaičiulytė, Ložienė, 2013) . The soil nitrogen index showed low fertility of soils, for all sites; this index was lower than the middle value (5) and ranged in the interval 2.7-4.4. Ellenberg et al. (1991) data indicates a wide range requirement for nitrogen. Protected by EUNIS, the habitat of Juniperus communis shrubs (site 2 F) did not have any Despite the rather small territory of Lithuania, our data are in support to other studies which indicate that junipers occur in a wide range of climates and on a wide variety of soils (Barkman, 1985; Rosen, Van Der Maarel, 2000) , including acid and calcareous sands, loam, both wet and dry habitats.
CONCLUSIONS
1. The coverage data of herbs and dwarf shrubs recorded for the sites with junipers in most cases allowed clusteringof the sites according to their habitats.
2. Among the juniper sites selected by us, the most contrasting ones, according to Ellenberg indicatory values of herbaceous and wooden species, were habitats entitled as coastal brown dunes covered with natural Scots pine forests (B) and xero-thermophile fringes (E).
3. For junipers from the habitat protected by EUNIS and entitled Juniperus communis shrubs, no marginal values of abiotic environment were documented despite the fact that a former study revealed the highest polymorphism by some molecular markers.
